A rapid industrial development causes several environment pollution problems. One of the main problems is air pollution, which affects human health and the environment. The consideration of an air pollutant has to focus on a polluted source. An industrial factory is an important reason that releases the air pollutant into the atmosphere. Thus a mathematical model, an atmospheric diffusion model, is used to estimate air quality that can be used to describe the sulfur dioxide dispersion. In this research, numerical simulations to air pollution measurement near industrial zone are proposed. The air pollution control strategies are simulated to achieve desired pollutant concentration levels. The monitoring points are installed to detect the air pollution concentration data. The numerical experiment of air pollution consisted of different situations such as normal and controlled emissions. The air pollutant concentration is approximated by using an explicit finite difference technique. The solutions of calculated air pollutant concentration in each controlled and uncontrolled point source at the monitoring points are compared. The air pollutant concentration levels for each monitoring point are controlled to be at or below the national air quality standard near industrial zone index.
Introduction
Nowadays, the air pollution is a major problem in the world because industrial areas grew rapidly. The pollution emission of factories into the atmosphere will have an effect on human health and the environment. The purpose of this research is to study the problem of air pollution emission control. The approximate solution is considered by using the atmospheric diffusion model.
In [1] , an atmospheric transport diffusion model with wind velocity profile and diffusion coefficient was considered to study the system of delayed removal. The air pollutant was emitted from a line source with the dry deposition on the ground. The fractional step method was used for computing the air pollutant concentration. In [2] , the atmospheric diffusion equation with multiple sources and wind speed and eddy diffusivities was studied to derive the analytical solutions for many boundary condition types. The Green's function concept was used to solve the threedimensional analytical solutions everywhere in the region of interest. In [3] , the finite difference method was used for solving the two-dimensional advection-diffusion equation with a point source. In [4] , a time dependent mathematical model of primary and secondary pollutants was studied for approximating the concentration from area source. The wind velocities and eddy diffusion coefficients are considered to be the realistic value. The researchers solved the problem by using Crank-Nicolson implicit finite difference technique and upwind difference scheme which is applied to the diffusion term. In [5] , the researchers studied the three-dimensional mathematical model for the sulfur dioxide concentration without obstacles domain.
In [6] , the researchers studied a three-dimensional convection-diffusion-reaction equation for sulfur and nitrogen oxides. The model was solved by using a high order accurate time-stepping discretization scheme as Lax and Wendroff technique. A steady state two-dimensional mathematical model of urban heat island was used to describe the dispersion of air pollution with mesoscale wind velocity and meteorological parameters in [7] . The genesis of air pollution 2 Advances in Mathematical Physics was area source emitted from the ground. The removal mechanism was considered by wet and dry depositions. The concentration of air pollutant was approximated by using Crank-Nicolson implicit method. In [8] , the mass transport model was considered to simulate the smoke dispersion from one and two point sources with obstacle domain. The model consisted of three equations: a stream function, vorticity, and convection-diffusion equation. The results of air pollution in two-dimensional space and one-dimensional time were calculated by using the finite element method and finite difference method, respectively. In [9] , the two-dimensional smoke dispersion model was studied in the cases of two and three point sources with obstacles domain. In [10] , the researchers studied a spatial autoregressive model for sulfur dioxide concentration. The evaluation of sulfur dioxide was assessed by the land use regression (LUR) model. The mobile monitoring was used for collecting concentration data in Hamilton, Ontario, Canada.
In [11] , the dispersion of primary pollutant was studied in a two-dimensional air pollution model with mesoscale wind. The primary air pollutant was emitted from an area source and the researchers considered removal mechanisms such as dry deposition, gravitational settling, and chemical reaction. The two-dimensional advection-diffusion models of the primary and secondary pollutants are presented in [12] . The researchers studied the air pollutant emitted from area source with removal mechanisms by considering point source on the boundary. The Crank-Nicolson implicit method is used as the finite difference technique in [11, 12] . The design and application of Atmospheric Evaluation and Research Integrated model for Spain (AERIS) are proposed in [13] . The air pollutant concentrations of NO 2 , O 3 , SO 2 , NH 3 , and PM as a reaction to emission variations of significant sectors in Spain are obtained by AERIS. The results of the model are estimated by using transfer matrices based on an air quality modelling system (AQMS). The system consists of the Weather Research and Forecast (WRF), Sparse Matrix Operator Kernel Emissions (SMOKE), and Community Multiscale Air Quality (CMAQ) models. In [14] , the researchers studied air flow and dispersion of pollutant in urban street canyons. The Computational Fluid Dynamics (CFD) were simulated by using Large Eddy Simulation (LES). A velocity comparison between Fluctuating Wind Boundary Conditions (FWBC) and Steady Wind Boundary Conditions (SWBC) was investigated. In [15] , the researchers used the three-dimensional air quality model. The considered domain contained three buildings (obstacles) divided into two zones: a factory zone and a residential zone. The modifications of atmospheric stability classes and wind velocities from multiple point sources were also analyzed. The approximate solutions in [5, 9, 15] were solved by using the fractional step method.
A numerical model for air pollution emission control problem with the uniform wind velocities and constant diffusion coefficients is proposed. In this research, the atmospheric diffusion equation is solved by using the finite difference method. This study analyzed the ambient air quality standard of sulfur dioxide that refers to the quantity of sulfur dioxide concentration in clean air.
Governing Equation

The Atmospheric Diffusion Equation.
The diffusion model is used to represent the behavior of air pollutant concentration in industrial areas. The Gaussian plume idea is used as the governing equation. It is the well-known atmospheric diffusion equation. We introduced the three-dimensional advection-diffusion equation as follows:
where = ( , , , ) is the air pollutant concentration at ( , , ) and time (kg/m 3 ), , V, and are the wind velocity components (m/s) in -, -, and -direction, respectively (m/s), , , and are the diffusion coefficients in -, -, and -direction, respectively (m 2 /s), is the growth of pollutant rate due to sources (sec −1 ), and is the decaying of pollutant rate due to sinks (sec −1 ). In this research, we considered only the primary pollutant concentration as sulfur dioxide. The chemical formula is SO 2 . The assumption of (1) defined that the advection and diffusion in -direction are laterally averaged. By the assumption, we can also eliminate the term in -direction. Therefore, the primary pollutant equation can be written as
The initial condition is assumed under the cold start assumption. That is,
for all > 0 and > 0. The boundary conditions assumed that
for all > 0, where is the length of the domain indirection, is the height of the inversion layer, and V is the dry deposition velocity of the primary pollutant (m/s). Sulfur dioxide deposition velocity can be related to a diffusion coefficient which is assumed to be an irreversible process.
In Figure 1 , model of air pollution emission control problem is presented. This research was designed to study the behavior of dispersion and effect of dispersion concentration near the industrial zone. The four monitoring points are set far away from the source. Each monitoring point is called M1, M2, M3, and M4 respectively. In Figure 2 , the considered domain for the numerical experiment is shown. Let the height of point source be = ℎ m. The wind is stable in -andaxis. The concentrations of air pollutant are emitted directly from a continued point source (chimney) from industrial factory. The air pollutants are absorbed from the chemical reaction on the ground.
The Nondimensional Form Equation.
From (2) 
where = max{ , }, = max max / , and is the chemical interaction rate of primary pollutant equation. For the nondimensional form of initial condition, it is assumed that
for all > 0 and 0 ≤ ≤ . For the nondimensional form of boundary, it is assumed that (0, , ) = ( , , ) = 0,
( , , ) = 0,
for all > 0.
Numerical Method
The prediction of primary pollutant from a stationary source can be calculated to solve the air pollution problem in the industrial areas. In (5), we get the concentration of at each time +1 from = Δ , = 0, 1, 2, . . . , , when Δ is a time increment. The solution of sulfur dioxide concentration at ( , , ) is denoted by ( , , ) = , . The considered domain is meshed by the grid spacing Δ and Δ where = Δ , = 0, 1, 2, . . . , , and = Δ , = 0, 1, 2, . . . , . The finite difference method is chosen as proper equipment for estimating solutions. The method refers to the nondimensional model, for which we use the forward time central space (FTCS) scheme. In the transient term, we used the forward difference for
The advection and diffusion terms are substituted by using the centered difference in space by
respectively. The formula of (5) becomes 
Air Pollution Controlled Simulations
The experiment analyzed the action of air pollution with the volume of sulfur dioxide emission around an industrial zone. We will simulate the air pollution control situation in three cases. For the first simulation, an industrial factory released continued air pollutant from a chimney without emission control system. For the second and the third simulations, the factory will discharge the sulfur dioxide, which is controlled by the national air quality index.
Simulation 1: Air Pollution Emission without Controlled
System. In the first simulation, the two-dimensional advection-diffusion equation (5) with a domain of interest of 1000 × 400 m 2 is considered. The wind velocities in -and -direction are assumed to be 0.11 and 6.9 × 10 −3 m/s, respectively. The sulfur dioxide is released at the chimney height ℎ = 75 m at coordinate (100, 75) (m, m). The released pollutant concentration is 0.75 sec −1 . The diffusion coefficients in -and -direction are 2 and 0.45 m 2 /s, respectively. The grid spacing is Δ = Δ = 25 m and time interval is 72 sec. This simulation is solved by using FTCS in (16) with the initial and boundary conditions (6)- (9) . The numerical solutions of air pollutant concentration when 58 minutes and 1 hour and 36 minutes have passed are shown in Figures  3 and 4 , respectively. The monitoring points are aligned along 200, 300, 400, and 500 m in the same height, 50 m. The comparison of concentrations of different distances is presented in Figure 5 .
Simulation 2: Air Pollution Emission Controlled by following the National Air Quality Standard (3×10
−7 kg/m 3 ). In the second simulation, the two-dimensional advection-diffusion equation (5) air quality standard, then the chimney will be shut down and wait until the concentration goes below 1.5 × 10 −7 kg/m 3 . If the pollutant concentration at all monitoring points is below a half of the air quality standard, the chimney will be opened again. The air pollution emission will be following these processes. This example is solved by using FTCS in (16) with the initial and boundary conditions (6)- (9) . The results of air pollution emission control are demonstrated as the contour lines of sulfur dioxide concentration in Figures  6 and 7 . The concentration of air pollution in the different distance is shown in Figure 8. 
Simulation 3: Air Pollution Emission Controlled by following the National Air Quality Standard (1.5 × 10
−7 kg/m 3 ). In the third simulation, the two-dimensional advectiondiffusion equation (5) are assumed to be 0.11 and 6.9 × 10 −3 m/s, respectively. The sulfur dioxide is released at the chimney height ℎ = 75 m at the coordinate (100, 75) (m, m). The released pollutant concentration is 0.75 sec −1 . The diffusion coefficients inand -direction are 2 and 0.45 m 2 /s, respectively. The grid spacing is Δ = Δ = 25 m and time interval is 72 sec. In this simulation, the sulfur dioxide is released by following the USEPA air quality standard, 1.5 × 10 −7 kg/m 3 . If the approximated pollutant concentration at a monitoring point becomes higher than the air quality standard, then the chimney will be shut down and wait until the concentration goes below 1.0 × 10 −7 kg/m 3 . If the pollutant concentration at all monitoring points is below a third of the air quality standard, the chimney will be opened again. The air pollution emission will be following these processes. This simulation is solved by using FTCS in (16) with the initial and boundary conditions (6)- (9) . In this emission control case, the concentrations of air pollution when 58 minutes and 1 hour and 36 minutes have passed are shown in Figures 9 and 10 , respectively. The concentration of SO 2 when 2 hours have passed with the different distance is shown in Figure 11 . From Simulations 1, 2, and 3, the concentrations of SO 2 at the height = 50 m and the distance = 300 m (M2) are compared in Figure 12 .
Conclusion
The atmospheric diffusion model to describe the released air pollutant concentration by an industrial plant is proposed. The concentration of the sulfur dioxide is approximated by an explicit forward time centered space finite difference technique. The method gives good agreement of approximated solutions. The air quality standard near industrial zone is controlled by considering the approximated pollutant concentration levels at all monitoring points. The proposed air pollution controlled simulations demonstrated that the industrial plants need to shut down their chimneys for a while.
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